Medical education in the United
States is expensive. 1 According to the Association of American Medical Colleges (AAMC), the median fouryear cost of attending a public medical school for the class of 2017 is $240,351.
A private medical education costs a median of $314,203. 2 Institutional scholarships can reduce this burden, but the median four-year award is only $18,000. Less than one in five students receives $100,000 or more in financial assistance from any source. 3 In addition, only about 5% of matriculating students secure a federally funded national service scholarship. Because few of the remaining students are wealthy enough to self-finance, most borrow to pay part or all of the cost of their education. As a result, more than 80% of U.S. medical students graduate with substantial debt of $100,000 or more. 2 To understand the long-term economic consequences of borrowing versus other options of covering the cost of medical school, we analyzed several major pathways for financing a medical school education in the United States. We hypothesized that although avoiding debt through national service confers substantial up-front economic benefits, borrowers do better in the long run because of the higher incomes available through nonprofit or for-profit practice in the private sector.
Method

Pathways for financing a medical school education
We examined the six major options for financing a medical school education in the United States.
First, federally guaranteed loans (FGLs) are largely authorized under Title IV of the Higher Education Act. Unsubsidized Stafford loans, widely used by medical students, offer terms more favorable than those generally available from commercial lenders. In the 2014-2015 academic year, the interest rate for an unsubsidized Stafford loan was 6.21%; in the 2015-2016 academic year, it was 5.84%. 4 Students are not required to start repaying their loans during medical school, but interest accrues. Borrowing is limited to $40,500 annually for a nine-month academic year and slightly more for a longer academic year; these amounts are insufficient to fully cover the expenses at many medical schools. 5 Other options exist, but most require the student to commit to a particular career path. For example, the Primary Care Loan program offers longterm, low-interest loans to "full-time, financially needy students" who agree to
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Results
For those wealthy enough to pay cash or fortunate enough to secure a no-strings scholarship, self-financing produced the highest NPV in almost every scenario. Borrowers start practice $300,000 to $400,000 behind their peers who secure a national service scholarship, but those who enter a highly paid specialty, such as orthopedic surgery, overtake their national service counterparts 4 to 11 years after residency. Those in lower-paid specialties take much longer. Borrowers who enter primary care never close the gap.
Conclusions
Over time, the value of a medical degree offsets the high up-front cost. Debt avoidance confers substantial economic benefits, particularly for students interested in primary care.
complete a primary care residency within four years of graduation and practice primary care for either 10 years or until the loan is repaid, whichever comes first. 6 Second, the Public Service Loan Forgiveness (PSLF) program was established to encourage newly graduated professionals to work for a public service organization. After making 120 monthly payments while employed full-time by a qualifying organization, any remaining debt is forgiven. The PSLF program is only available for loans made under the William D. Ford Federal Direct Loan Program. Forgiven debt is not taxable. All federal, state, and local government agencies, as well as most nonprofit organizations, qualify as public service organizations. 7 Third, the National Health Service Corps (NHSC) was created to place primary care providers in federally designated health professional shortage areas. 8 The small number of new students sponsored each year (196 in 2015) receive tax-free payments sufficient to cover their tuition and fees, plus a taxable monthly stipend. 9 In return, the students owe a year of practice in a shortage area for each year they are sponsored in school.
Fourth, the Armed Forces' Health Professions Scholarship Program (HPSP) is sponsored by the U.S. Army, Navy, and Air Force. Each service pays students' tuition and fees and provides a signing bonus and a taxable stipend of more than $2,000 per month. The 700 to 750 HPSP students recruited annually are commissioned as junior officers in their sponsoring service and placed on inactive (reserve) status for the duration of medical school. They are transferred to active duty upon graduation. After completing residency training in a military or civilian hospital, one year of service is owed for each year of medical school they are sponsored. Additional years of service may be required for those who undertake a lengthy residency or subspecialty fellowship. [10] [11] [12] Fifth, the Uniformed Services University of the Health Sciences (USU) serves as the leadership academy for military medicine. It charges no tuition or fees. 13 Because matriculating students are placed on active duty, they receive the salary, benefits, and housing allowance of a junior officer in their sponsoring service. After completing residency training in a military or civilian hospital, graduates owe a minimum of seven years of service. Most willingly serve longer. 14, 15 Finally, students wealthy enough to pay cash or fortunate enough to secure a no-strings institutional scholarship can graduate debt-free without incurring a service obligation by self-financing their education.
Data analysis
To analyze the financial implications of each of these six pathways, we calculated the net present value (NPV) of the predicted cash flows over 30 years for unmarried students who enrolled in medical school in 2013, plan to pursue one of four specialties with different annual incomes, and intend to enter private-sector practice as soon as possible. To estimate their subsequent income, we looked at practicing in two cities with substantial numbers of public-and private-sector physicians and divergent tax policies-San Antonio, Texas, and Washington, DC. We assumed that students take four years to graduate medical school and complete their residency training in the prescribed length of time-three years for general internal medicine, four for ophthalmology, and five for general and orthopedic surgery.
For students who borrowed money, we examined six repayment options. For national service scholarship recipients, we modeled transitioning from the public sector to the private sector at three different time points. We assumed that all students matriculate debt-free with no prior service obligations. Table 1 lists the main parameters of our analysis.
FGLs.
To estimate the NPV for this option, we first projected forward the median salary for the student's first year of residency training ($50,214 according to the AAMC's 2013 Debt Fact Card 16 ) using a 2% nominal growth rate. We increased the pay for each subsequent year of residency training at a 6% nominal rate. Next, to estimate the starting salary of a physician's first year of practice in each of the four specialties, we used the 2013 median starting salaries for assistant professors from the AAMC (see Table 1 ) projected forward using a 2% nominal growth rate. We conservatively assumed that practice income grows with increasing experience at a real rate of 1% above inflation, which would result in a 3% annual growth rate. Third, we computed the amount borrowed annually by proportionally allocating the median 2013 debt of a medical school graduate ($180,000 according to the AAMC's Debt Fact Card 16 ) to the length of the academic year (9 months for the first two years and 11 months for the last two years of medical school). Then, we computed the amount of principal, accrued interest, loan payments, and end-of-year loan balances associated with six repayment scenarios: (1) a standard repayment plan over 10 years, (2) a pay-as-you-earn (PAYE) repayment plan, or (3) an incomebased repayment (IBR) plan using the 2014-2015 Stafford loan interest rate of 6.21%, assuming either (a) forbearance or (b) initiation of debt repayment during residency for each of the three plans listed above. We used 2013 U.S. dollars (USD) to express all estimates of future earnings and repayment amounts, taking into account inflation. To estimate Federal Insurance Contribution Act (FICA), federal, and state income taxes, we used gross taxable amounts, expressed in 2013 USD, as inputs in TAXSIM, the National Bureau of Economic Research's tax simulator. 17 To estimate net pay amounts in 2013 USD, we subtracted total taxes and loan payments from the physician's gross pay. Finally, to obtain the estimated NPV in 2013 USD, we discounted the net future values using the U.S. Panel on Cost-effectiveness in Health and Medicine's recommended 3% annual real discount rate. Self-financing. To model the impact of paying cash or obtaining a no-strings scholarship, we employed the same assumptions regarding physician income that we used for borrowers. However, this scenario assumes that students graduate without debt and have no service obligation, so we discounted future gross pay to 2013 USD, then subtracted the resulting taxes.
NHSC. The NHSC pays the student's tuition, fees, and other educational expenses directly to the medical school and provides a monthly stipend ($1,330 in 2016). Because the NHSC places primary care providers in health professional shortage areas, it is not open to students pursuing all specialties. 8 We assumed that a student receives NHSC support for all four years of medical school and honors his or her service obligation. Because NHSC physicians work in low-income communities, we modeled a somewhat lower starting salary-$140,000 in 2013 USD-compared with what other primary care physicians receive. Then, we assumed that their earnings grow at the same rate as other private-sector physicians. With the exception of loan repayment computations, which are moot if the service obligation is met, we employed the same assumptions used for recipients of FGLs to calculate the NPV for this pathway.
PSLF program.
To maximize the fiscal impact of the PSLF program, we assumed that a physician would start repaying his or her debt during residency to qualify for the PAYE plan, minimize monthly payments, and maximize debt forgiveness. As a proxy for the earnings of physicians at public service organizations, we interpolated the 2013 average age-group earnings of physicians employed by the Department of Veterans Affairs from FedScope. 19 Because this average spans all specialties, it does not differentiate pay by specialty. We projected gross pay into the future, conservatively assuming a nominal growth rate of 1% (the approved increase for federal employees in 2013) and accounting for inflation (2%, which is the current Federal Reserve target inflation rate). To maximize the NPV of this option, we modeled transitioning to private-sector practice shortly after completing 10 years of public service, the point at which loan forgiveness occurs. Because physicians transitioning to the private sector lack seniority and established referral relationships, we assumed that they would earn 90% of the salary of their colleagues who entered private-sector practice immediately after residency.
Armed Forces' HPSP and USU. To estimate the NPV associated with these military programs, we first added the various types of taxable and nontaxable compensation that military physicians receive throughout their careers, using the 2013 military pay tables. These include basic pay, basic allowance for housing, basic allowance for subsistence, variable special pay, board-certified pay, additional special pay, incentive special pay, and multiyear special pay. Next, we projected gross pay into the future, assuming periodic promotions in rank and a nominal growth rate of 1%, which is the approved military pay increase for 2013. We accounted for inflation (2%) to express future estimated gross pay in 2013 USD. To estimate FICA, federal, and state income taxes, we input total taxable gross pay, expressed in 2013 USD, into TAXSIM. 17 We then subtracted total taxes from gross pay to generate net pay estimates. Finally, to obtain the estimated NPV in 2013 USD, we discounted the net future value using the U.S. Panel on Cost-effectiveness in Health 38 There was significant variation between the starting salaries for orthopedic surgeons reported by different sources, likely due to large variations in subspecialty pay. Using the number reported in the PROFILES database for orthopedic surgery adjusted for inflation ($321,300), it takes even longer for indebted physicians to catch up with those who received publicservice scholarships-a minimum of 15 years. and Medicine's recommended 3% annual real discount rate.
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Hybrid careers. HPSP physicians may transition to private-sector practice after four years of postresidency military service. USU graduates must serve at least seven years in the military. 20 Those who separate shortly after fulfilling their service obligation forego several retention incentives, including incentive special pay and multiyear special pay. Conversely, those who serve 20 or more years secure these incentives and qualify for a lifetime pension that is equal to 2.5% of the average of their three highest basic pay years for every year of service.
21 Any income generated after retiring from the military can be added to their military pensions.
To Table 2 .
To assess the impact of different economic assumptions, we performed sensitivity analyses.
Because our study is based on national data and used no individual identifiers, institutional review board review was not applicable.
Results
In nearly every comparison, selffinancing produces the highest 30-year NPV because students avoid taking on debt and can immediately enter private-sector practice (see Figures 1-4 and Table 2 ). Because recipients of national service scholarships receive a stipend or salary during medical school, they do even better than self-financers for the first decade or so. In contrast, borrowers quickly fall behind because of their lack of income, the need to take on debt, and interest accrual. However, once they complete residency training, those who enter high-paying specialties, like orthopedic surgery, overtake their national service scholarship counterparts. How quickly this happens depends on the magnitude of the initial gap in NPV ($300,000-$400,000 in most of our models), how much more a particular specialty is paid in the private sector relative to the public sector, and the tax rate in the community where the physician resides. Table 2 .
enter orthopedic surgery overtake their national service scholarship counterparts roughly four years after completing residency training (see Figure 1 , Panel A). In Washington, DC, which has a high tax rate, it takes two additional years (see Figure 1, Panel B) . Because the gap between what public-and private-sector general surgeons are paid is smaller than that between what public-and private-sector orthopedic surgeons are paid, borrowers require more than 20 postresidency years to match recipients of national service scholarships who turn to private-sector practice as soon as they fulfill their service obligation (see Figures 2  and 1, respectively) . In ophthalmology, where the gap is smaller still, borrowing lags behind nearly all other options throughout our three-decade study interval (see Figure 3) . Because publicservice primary care physicians are paid as well as their counterparts in the private sector, borrowers who choose general internal medicine never catch up with their counterparts who secured a national service scholarship (see Figure 4) . Table 2 .
sector physicians earn enough to make IBR and PAYE repayments similar to standard 10-year loan repayments. Although a substantial amount of the debt accrued by PSLF program physicians is forgiven after 10 years of repayment, military physicians who serve 20 years before transitioning to the private sector do even better because any subsequent earnings can be added to their military pension.
For recipients of military scholarships (i.e., HPSP and USU), transitioning to private-sector practice has different effects, depending on timing and specialty. For orthopedic surgeons, separating from the military at the first available opportunity generates a substantially higher NPV than serving until eligible for a military pension (see Figure 1 ). For general internists, serving 20-plus years produces similar or higher NPVs than quickly transitioning to private-sector practice (see Figure 4 ).
Alternative assumptions were tested using sensitivity analyses. For example, if one assumes that the salaries of private-sector general internists will grow 3% faster than inflation rather than 1%, which is the base estimate, borrowers catch up with their military counterparts at the end of three decades. A similar salary growth rate among orthopedic surgeons shortens the time required for borrowers to overtake recipients of national service scholarships. If the Stafford loan rate was reduced from 6.21% to 3.5% (the current rate of a 30-year fixed mortgage), the NPV for borrowers would increase by $45,000 with a standard 10-year repayment term and by $53,000 to $61,000 in scenarios involving IBR or PAYE repayment plans. Conversely, modeling a real discount rate of 5% instead of 3% makes borrowing much less attractive, regardless of specialty. Table 2. their specialty peers who went straight into private practice within two years, national service scholarships become more attractive. But if they are never paid more than 80% of the salary earned by these same peers, the value of this option decreases. Substituting Medical Group Management Association starting salaries or employing the slightly lower 2015-2016 Stafford loan rate of 5.84% did not appreciably alter our findings.
Discussion
Since 1987, approximately half of U.S. medical students have come from the richest quintile of household incomes; the proportion of students from the poorest quintile has not exceeded 5.5%. 22 Even so, more than 80% of students finance part or all of their medical school education with loans. For the class of 2016, the median debt owed by new graduates was $190,000. Thirteen percent owed $300,000 or more. 2 Although physicians are paid more than most Americans, 23 their adjusted earnings have not kept pace with other health professionals. 24 As a result, the debt-to-income ratios of new physicians have increased substantially over the past 20 years. 25 To project the long-term consequences of borrowing versus other options for financing a medical school education, we conducted an NPV analysis, which is a standard economic approach that sums the present values of incoming and outgoing cash flows over time. Businesses use NPV analysis to project the profitability of different investment and financing options. NPV is not the same as retirement savings, because it does not take into account cost of living (e.g., family spending on food, clothing, shelter, child care, and other expenses) and discretionary purchases.
Spending can vary dramatically from one household to the next, based on family size, circumstances, lifestyle, and the local cost of goods and services. We calculated the NPV of various financing pathways at the time a student matriculates to medical school and every year thereafter for three decades.
The results of our main model confirm that, for the first decade or more, students who avoid taking on debt are financially better off than those who borrow because the NPV of borrowing is sharply negative in medical school and does not cross zero until residency training is complete. At that point, it climbs steadily. In highpaying specialties, such as orthopedic surgery, where the pay gap between public-sector service and private-sector practice is large, borrowers overtake national service scholarship recipients as quickly as four years after residency. But, when the pay gap is narrow or nonexistent, as in primary care, borrowers never catch up with national service scholarship recipients (see Table 2 ).
Our study is limited by the uncertainty that surrounds long-term economic projections. Our main model assumed that existing differences in specialist pay, loan repayment options, and interest rates will remain stable over time.
Because it is probable that one or more of these parameters will change in future years, we performed sensitivity analyses to examine different discount and income growth rates, alternative repayment strategies, and various lengths of service by scholarship recipients. Varying assumptions about income growth rates made the biggest difference over our study's three-decade time span. To enable readers to assess alternative assumptions, we built an interactive tool that includes detailed calculations for each medical school education financing scenario (see Supplemental Digital Appendix 1 at http://links.lww.com/ACADMED/A419).
Our main model assumed that, when recipients of national service scholarships transition to private-sector practice, they earn 10% less than their peers who started in the private sector immediately after residency. Yet, there are no data to support this assumption. Alternative assumptions, including the equalization of pay within two years or, conversely, large and persisting disparities, substantially alter the projected NPV of national service scholarship recipients.
Our projections of the NPV of PSLF program participants are limited because specialty-specific figures on physician pay in PSLF facilities are not available.
Thus, we could not analyze the difference in earnings between a general internist working in a public health department and an orthopedic surgeon working at a major academic medical center. Moreover, all of our models are based on aggregate data. An individual medical student's tuition, fees, financial aid, monthly spending, family support, and future earnings may be higher or lower than the values incorporated into our models.
Career choices are based on more than economics. Students who are intent on becoming specialists and those who are reluctant to practice in a health professional shortage area are unlikely to pursue an NHSC scholarship. Likewise, students averse to military service will have no interest in USU or an HPSP scholarship, regardless of the financial benefits they confer. Conversely, debtaverse students and those drawn to the ideals of national service may find these programs attractive, even if they end up making less money in the long run.
Previous studies of medical student debt focused on the affordability of loan repayment, particularly for physicians who enter primary care. In 2010, Palmeri and colleagues 26 modeled the probable income and expenses of a new primary care physician and determined that, during the first three to five years following residency, expenses exceed earnings. They concluded, "This reality greatly increases the financial disincentive for pursuing a career in [primary care]." In 2013, a team led by a senior AAMC analyst examined how a hypothetical physician might handle different levels of education debt. They analyzed 3 specialties and 16 repayment plans, including standard and extended repayment schedules, and 3 debt-reduction programs. The authors concluded that "a primary care career remains financially viable for medical school graduates with median levels of education debt." However, some of the scenarios modeled left the primary care physician with as little as $200 to $600 per month in discretionary income. 27 In the United States, most medical students are responsible for their own tuition, whereas, in many other countries, the bulk of medical education costs are borne by the public sector. Over time, the higher earnings of U.S. physicians more than offset this initial expense, particularly in highly remunerated specialties such as orthopedic surgery. 28 Do medical school debt and the prospect of relatively low pay discourage graduates from choosing primary care? [29] [30] [31] The evidence is mixed. One study found that students with high debt are less likely to pursue primary care, but the effect was modest when gender, race, and other demographic characteristics were taken into account. 32 Other studies have suggested that economic considerations are less important than specialty content, the student's personality, and the culture of the medical school. [33] [34] [35] An even more fundamental concern is whether the cost of medical school deters disadvantaged students, particularly underrepresented minority (URM) students, from pursuing a career in medicine. 22 If so, we must consider whether our nation's current approach to financing medical education is in the best interest of students and the public. More than a decade ago, in a report entitled "In the Nation's Compelling Interest: Ensuring Diversity in the Health-Care Workforce," the Institute of Medicine (IOM) determined that "The costs associated with health professions training pose a significant barrier for many URM students, whose economic resources are lower, on average, than non-URM students." 36 To address this problem, the IOM recommended that "Congress should increase funding for Public Health Service Act Titles VII and VIII programs shown to be effective in increasing diversity, and should develop other financial mechanisms to enhance the diversity of the health-care workforce." The IOM also recommended that "State and local entities … should increase support for diversity efforts through programs such as loan forgiveness, tuition reimbursement, loan repayment, GME, and supportive affiliations with community-based providers." 36 
Conclusions
The economic value of a degree from a U.S. medical school eventually offsets the high up-front cost. However, avoiding debt through any of several options confers substantial economic benefits, particularly for medical students who are intent on practicing primary care or a relatively low-paying specialty. Our findings suggest that national service scholarships are an attractive option for students who aspire to become physicians but cannot afford a large education debt. If our nation wants to attract a more diverse health care workforce to meet its needs, 37 policy makers should consider a range of options 36 to make medical school more affordable.
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